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Syngenta to acquire Golden Harvest: US corn and soybean business 
further enhanced 


Basel, Switzerland, 25 June 2004 


Syngenta announced today an agreement to acquire a 90 percent stake in the Golden Harvest 
group of companies' for $180 million including expected balance sheet adjustments. The 
group, which had combined seeds sales of $167 million in 2003, is valued at $200 million. The 
current owners will retain a 10 percent stake. 


The acquisition of Golden Harvest, which has a US market share* of 4 percent in corn and 3 
percent in soybean, together with the recently announced acquisition of Advanta's Garst 
business, will take Syngenta's share* of these markets to 15 per cent and 13 per cent 
respectively. This further expands the platform fram which to introduce its range of biotech 
input traits from 2005. 


Michael Pragnell, Chief Executive Officer of Syngenta, commented: “This acquisition marks the 
completion of our strategy to develop critical mass in the US corn and soybean seeds market, 
complementing our leading position in crop protection.” He added: “We look forward to 
welcoming the highly successful and respected Golden Harvest organization to Syngenta and 
are delighted that senior management will remain, ensuring continuity of service to customers.” 


Jim Sommer, President, Sommer Bros. Seed Co. and Rob Robinson, Executive Vice President, 
JC Robinson Seeds, Inc. have been appointed joint operating heads of the Golden Harvest 
business. Jim Sommer said: “We are pleased that, together with Syngenta, we can continue 
the rich history of Golden Harvest.” Rob Robinson added: “Syngenta’s growing line-up of traits 
and breeding and germplasm assets were critical in selecting a partner for Golden Harvest." 


Completion of the acquisition is expected before the end of the third quarier 2004. 


Outlook 


For the full year 2004, as announced on 27 April, robust sales are expected to result in 
earnings per share” growth of more than 30 percent. 


Syngenta is a world-leading agribusiness committed to sustainable agriculture through innova- 
tive research and technology. The company is a leader in crop protection, and ranks third in the 
high-value commercial seeds market. Sales in 2003 were approximately $6.6 billion Syngenta 
employs some 19,000 people in over 90 countries. Syngenta is listed on the Swiss stock ex- 
change (SYNN) and in New York (SYT). Further information is available at www.syngenta.com. 


" JC Robinson Seeds, inc ; Sommer Bros Seed Company; Thorp Seed Co ; Golden Seed Campany, LLC; Garwood 
Seed Co 

* Source: Doane 2003 proforma estimates 

> Fully diluted before restructuring and impairment 
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Golden Harvest is the largest independently owned seed brand in the US and one of the fastest 
growing agricultural seed brands. Golden Harvest brand of hybrid corn, soybeans, sorghum 
and alfalfa is produced and marketed by five family-owned and managed seed companies 
serving farmers throughout the US Corn Belt, Europe, South America, and Canada. These five 
companies share research and marketing resources nationally, while continuing to offer nearby 
service that is at the heart of the seed industry. For more information on Golden Harvest see: 


www.goldenharvestseeds.com 


Media Enquiries: Markus Payer (Switzerland) +4161 323 2323 
Sarah Hull (USA) +1 (202) 347 8348 


Analyst/Investor Enquiries: Jonathan Seabrook (Switzerland) +4161 323 7502 
Jennifer Gough (Switzerland) +4161 323 5059 
Rhonda Chiger (USA) +4 (917) 322 2569 


Caufionary Statement Regarding Forward-Looking Statements 


penis vr mentetl NPPE rr ptlll ENRH U  ent N ARH YT RH A NEN 


This document contains forward-looking statements, which can be identified by terminology such as ‘expect’. ‘would’, ‘will, 
‘potential’. ‘plans’, ‘prospects’. ‘estimated’, ‘aiming’, ‘on track’ and similar expressions Such statements may be subject {o risks and 
uncertainties that could cause the actual results to differ materially from these statements We refer you to Syngenta’s publicly 
available filings with the US Securities and Exchange Commission for information about these and other risks and uncertainties. 
Syngenta assumes no obligation to update forward-looking statements {o reflect actual results, changed assumptions or other fac- 
tors This document does no! constitule, or farm part of. any offer or invitation fo sell or issue, or any solicitation of any offer. to 
purchase or subscribe for any ordinary shares in Syngenta AG. or Syngenta ADSs. nor shail it form the basis of. or be refied on in 
connection with, any contract therefore 
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Field Performance of Elite Transgenic Maize Plants 
Expressing an Insecticidal Protein Derived from 


Bacillus thuringiensis 


Michae! G. Koziel*, Gary L. Beland! Cindy Bowman, Nadine B, Carozzi, Rebecca Crenshaw, Lyle Crossiand, 
John Dawson, Nalini Desai, Martha Hill, Sue Kadweill, Karen Launis, Kelly Lewis, Daryl Maddox, Kathryn McPherson, 
Moez R. Meghjt! Ellis Merlin, Richard Rhodes, Gregory W. Warren, Martha Wright and Stephen V, Evola 


CIBA-GEIGY Agricultural Biotechnology Research Unit, Research Triangle Park. NC 27709. (CPBA-GEIGY Sceds, 1301 West Washingion, 


Bloomington, IL. 61702. *Corresponding authar. 


We introduced a synthetic gene encoding a truncated version of the CryIA(b) protein derived from 
Bacillus thuringiensis into immature embryos of an elite line of maize using microprojectile bombardment. 
This gene was expressed using either the CaMV 35S promoter or a combination of two tissue specific 
promoters derived from maize. High levels of CryIA(b) protein were obtained using both promoter 
configurations. Hybrid maize plants resulting from crosses of transgenic elite inbred plants with commer- 
cial inbred lines were evaluated for resistance to European corn borer under field. conditions. Plants 
expressing high levels of the insecticidal protein exhibited excellent resistance to repeated heavy infestations 


of this pest. 


Received 17 Novernber 1992; accepted 16 December 1992. 


uropean corn borer (ECB), Ostrinia nubilalis (Hub- 
ner), is a major pest of maize in North America and 
Europe. Yield loss of 3 to 7% per borer per plant can 
result from ECB feeding at various stages of plant 
growth’. Feeding results in physiological disruption 
of plant processes, leading to jower plant yield. Yield 

ents reduction from ECB in [inois corn is estimated to 
areal $50 million annually’. Chemical pesticides are effective 
apainst ECB, but inconvenience of scouting fields and determin- 
ing treatment thresholds, narrow application windows on large 
corn plants, as well as the behavior of the insect, generally result 
in poor control. ECB typically has two generations annually; 
however, three or four generations can occur in a large area of its 
North American distribution’. First generation egg masses are 
laid on the underside of corn leaves beginning in May. Newly 
hatched larvae migrate into the whorl and feed on leaf material 
for 7 to 10 days. Third instar larvae then tunnel into the stalk 
where they feed, pupate, and emerge as second generation 
moths over an extended period during midsummer. These moths 
deposit their egg masses on the underside of leaves, most often 
in the region of the ear node. After hatching, most neonate 
larvae move to the leaf axils to feed on pollen accumulated at 
these sites and on sheath and collar tissue. Once ECB larvae 
begin feeding inside the collar, they are protected from control 
by chemical pesticides. Larvae begin to tunnel into the stalk after 
three to six weeks, most often in the ear region, where their 
feeding can result in severe yield loss from stalk breakage and/or 
from ears dropping to the ground. 

ECB is susceptible to various insecticidal crystal proteins, or 
d-endotoxins, produced by a number of strains of Bacillus 
thuringiensis, a gram positive, spore forming soil microbe (for 
review, see ref. 4). These crystal proteins are typically produced 
2s large protoxins that are solubilized in the insect digestive 
tract, where they are proteolytically cleaved to produce an active 
insecticidal protein. The activated protein binds specifically to 
receptors in the midgut of the insect and brings about lysis of the 
cells by formation of pores**. Insecticidal proteins from Bacillus 
thuringiensis have been expressed in plants to confer insect 
tolerance’, Such expression has proven difficult when the 
native genes from Bacillus thuringiensis were used, necessitat- 
ing the use of a truncated version of the native lepidopteran 
active genes for measurable protein and insecticidal activity in 
the transgenic plant. Use of a native 6-endotoxin coding region, 
which has a high A-T content, appears to lead to abnormally low 
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gene expression in plants. Plants in general have a higher G-C 
content than that found in the é-endotoxins, with maize having 
an even more pronounced preference for high G-C content in 
coding regions'?, Modifying the coding sequence to increase the 
G-C content of the native gene results in a dramatic increase in 
expression of the insecticidal protein’. Our attempts to express 
detectable levels of CrylA(b) protein in maize using a truncated 
version of the native coding sequence have not been successful; 
therefore a modified coding sequence was used. 

Transgenic plants expressing insecticidal proteins derived 
from Bacillus thuringiensis have been field tested and shown to 
resist Insect feeding’. Maize transformation has not, until 
recently, been a routine procedure. Hence production of 
transgenic maize containing an insecticidal pene from Bactllus 
thuringiensis has lagged behind production of more readily 
transformed dicot plants. We report here the field performance 
of elite hybrid maize plants containing a synthetic gene encoding 
a truncated version of the CryIA(b) protein derived from Bacil- 
lus thuringiensis var. kurstaki HD-1'*. Expression of the syn- 
thetic cry/A(b) gene in transgenic maize was effected using 
either the cauliflower mosaic virus (CaMV) 35S promoter or a 
combination of the phosphoenolpyruvate carboxylase (PEPC) 
promoter and a pollen specific promoter, both from maize. Our 
transgenic plants produced high levels of insecticidal protein and 
exhibited excellent protection against extremely high, repeated 
infestations with ECB. 


Results 

Introduction of a synthetic cryfA(b) gene into maize. 
A synthetic version of the ecry/A(b) gene (construction to be 
described elsewhere) was utilized in this study after attempls to 
express the native gene in maize failed to produce detectable 
levels of CryfA(b) protein. As reported by others’, increasing 
the G-C content of a Bacillus thuringiensis insecticidal protein 
gene greatly enhances its expression in plants.. Modification of 
the native cry/A{b) coding region, which has a G-C content of 
about 38%, to possess a G-C content of about 65% produced a 
gene which is expressed at a high level in maize. This version of 
the cry/A(b) gene has about 65% homology at the nucleotide 
level with the native gene and is designed to resemble a maize 
gene in terms of codon usage. To our knowledge, this is the most 
radical alteration of a 6-endotoxin sequence to date. The gene 
used in this study encodes the first 648 amino acids of the 155 
amino acid protoxin and the complete sequence is available upon 
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FIGURE 1. Southern blots of genomic DNA. The probe is spe- 
cific for the synthetle crylA(b} gene. (A) A parent plant and 
several progeny from event 171, the plants expressing the syn- 
thetic crylA(b) gene using the CaMV 3SS promoter. Lanes 
marked CGOO615 contain DNA from a non-transgenic inbred 
with which the originat transformants were crossed. Lanes 
marked 171: DNA from one of the original 171 regenerants. 
Lanes marked 1-5: DNA from five of the progeny from the 171 
event. Lanes marked “uncut” are uncut DNA. Lanes marked 
E/H are cut with EcoRt and Hindili. Lanes marked “A” are cut 
with Afi. pCi64418 is one of the plasmids used to transform 
the 171 evant; it contains the 35S/syn-cry/A(b) gene. pCIB4431 
is one of the plasmids used to transform the 176 event; it 
contains the PEPC/syn-crylA(b) and pollen/syn-cry!A(b) 
genes, Both plasmids are cut with EcoRl and Hindlll. (B) A 
parent plant and several progeny of the 176 event, the plants 
expressing the synthetic crylA(b) gene using the PEPC and 
pollen promoters. Lanes marked CG00526 contain DNA from a 
non-transgenic Inbred which was the recipient Hne for the 
transformation experiments. Lanes marked 176: DNA from one 
of the original 176 regenerants, Lanes marked 1-4: DNA from 
four a! the progeny from the 176 event. Lanes marked “uncut” 
are uncut DNA, Lanes marked E/H are cut with EcoR! and 
Hindili. Lanes marked "B" are cut with BamHl. pCIB4418 and 
pC!B4431 are as described in (A) above. (C) Maps of the plas- 
mids contalning the synthetic cry!A(b) chimeric genes used to 
transform ilnes 171 (pCIB4418) and 176 (pC!84431), The pollen/ 
syn crylA(b) and PEPC/syn crylA(b) genes In pC!B4431 both 
contain the PEPC #9 Intron In tha 3° untranslated region, as 
does the 35S/syn cry/A(b) gene. 


request. The truncated protein encoded by this gene produces 
the same active insecticidal toxin as the full-length protoxin once 
it is proteolytically processed in the insect gut. 

Chimeric cry/A(b) genes were introduced into a proprietary 
inbred fine, CG00526, an clite cultivar of Lancaster parentage, 
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using microprojectile bombardmem of immature embryos, 
14-15 days after pollination (see Experimental Protocol). Two 
independent events of transgenic maize expressing the synthetic 
crylA(b) gene were chosen for further crossing and characteri- 
zation. Initial transformants (multiple plants from each of the 
two events in this study) in the inbred line CG00526 were 
crossed to CG00526 as well as several other elite lines represent- 
ing several heterotic groups. Event 17] contained the synthetic 
crylA(b) gene under control of the CaMV 35S promoter and 
also contained a chimeric 35S/GUS gene for use as a scoreable 
marker, Event 176 contained a pair of tissue specific promoters 
controlling the expression of the synthetic cry/A(b} gene: the 
maize PEPC promoter”, which is expressed in green tissues, 
and a maize pollen-specific promoter (to be described else- 
where). Both events contained a 35S/bar gene'*, used to confer 
resistance to phosphinothricin (PPT), as a selectable marker. 
The two events chosen for use in the field showed a 1:1 seprega- 
tion ratio for phosphinothricin resistance, Cry[A(b) expression, 
and ECB resistance when crossed with non-transformed plants. 
This observation, and other data (Southem analysis. Fig. 1), 
indicate a single site of insertion of the transgenes with a few 
copies of each gene. Parental and progeny plants from each 
event contain the same banding pattern in a Southern blot probed 
for the synthetic cry/A (b} gene. Uncut plasmids were used in the 
transformation experiments and therefore the banding pattern is 
more complex than that seen from cutting the plasmids them- 
selves due to the random breakage of the plasmids prior to 
insertion into the plant genome. 

Production of plants for field evaluation. Germination of 
immature embryos was employed to produce, in minimum time, 
the Fl hybrid plantlets for planting in the field. Immature 
embryos were germinated in vitro 14 to 15 days after pollination, 
allowed to develop, and transplanted to peat pots. When there 
was sufficient leaf material, samples were taken for analysis by 
8-glucuronidase (GUS) histochemical assay, PCR analysis for 
transgenes, growth in the presence of PPT, ELISA for CrylA(b) 
protein, and insect bioassay with ECB larvae. After analyses. 
plants were either discarded, shipped to Bloomington. IHinois, 
Or retained in our greenhouse in North Carolina. Almost 1.000 
plants were shipped to Illinois during June 1992. where the 
small peat pots containing the transgenic plants were trans- 
planted into the field with 98% survival. Non-transgenic plants 
of inbred lines were planted in the same field over a six week 
period, starting in mid-May, to sere as controls and for 
pollinations. 

Evaluation of transgenic maize plants in the field. When 
the plants reached approximately 40 cm in height, they were 
manually infested with neonate European corn borer larvae. 
About 300 larvae were applied to each plant per week for cight 
consecutive weeks for a total of 2,400 larvae per plant. The first 
four weeks of infestation correlated roughly with first generation 
timing and the second four weeks correlated with second gener- 
ation infestation. ECB egg masses typically contain about 25 
eggs. Thresholds of 0.5 epg mass per plant to as high as 4 ege 
masses per plant, depending on the relative tolerance of a partic- 
ular maize hybrid, are generally used to determine if chemical 
control for second generation ECB is necessary, Assuming that 
every egg in an egg mass hatches, these 2,400 larvae would 
represent about 96 egp masses, half of which correspond to 
second generation infestation, Therefore our plants were chal- 
lenged with 12 to 96 times the economic threshold of second 
generation ECB. The natural ECB pressure in surrounding 
fields was light and likely did not contribute significantly to the 
evaluation of these plants given the extremely high level of 
pressure from the repeated artificial infestations. 

As indicated by the severe foliar and interna! stalk damage 
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seen in the control plants, the ECB pressure we employed was 
more than adequate to evaluate the effectiveness of the synthetic 
crylA{b) gene for ECB control. Table | and Figure 2 summarize 
the ECB damage ratings and their distribution for both first and 
second generation ECB infestations, All single cross transgenic 
families of both events were superior to the control inbred plants 
as assessed by either foliar feeding or internal stalk damage. 
With the exception of the CG00554 families, events [71 and 176 
did not differ in performance for the above two traits. However, 
when averaged aver all the families, event 176 derivatives had 
significantly better performance for follar and internal stalk 
damage (data not shown). The average leaf damage rating for 
the best transgenic family, CG00554 X 176, was 1.6 compared 
to the non-transgenic inbred CG00554 which had a rating of 7.2. 

Although first generation ECB control is important, the sec- 
ond generation can cause the greatest loss of yield, and is thus 
critical to the success of a commercial hybrid. The effectiveness 
of plants in controlling second generation larvae is ascertained 
by evaluating the extent of larval tunneling in the stalks. At the 
end of the field season, stalks from transgenic and control lines 
were split and examined for tunneling damage. The length of 
tunnels was significantly greater in control lines than in 
transgenic lines (Table | and Fig. 2). Transgenic plants express- 


TABLE 1. Mean damage rating for first generation (ECB1 ) and 
second generation (ECB2), presented as follar damage rating 
and tunnet length, respectively. 


Mean ECB) Foliar Mean ECB2 
Maize Genotype N Damage Rating (1-9)* Tunnel Length (em) 
Ot ET NN PANNA EG AAA AA/N Pai AW 9/9911 fares 


CG00642 (Control) 10 


on 
Led 
=s 
cS 
~JF 


CG00642 X 171 8 3.5 6.3 
CG00642 X 1 76 i3 3.0 Fe | 
CGO00561 (Control) 10 7.3 60.8 
CGOG56! X 171 16 2.6 3.6 
CG0056} X 176 7 2.1 2.3 
CG00554 (Control) 10 hae 59.3 
CG00554 X 17} 19 3.7 3.8 
CG00554 X 176 3 1.6 17 
CG00689 (Control) 5 Tt 28.3 
CGO00689 X [71 10 3.4 59 
CG00689 X 176 8 2.8 24 
CGO066G4 {Control} 5 6.7 113.8 
CGO00661 X t7i 12 2.5 30 
CG0066! X 176 14 2.9 39 
CG00526 (Control) 19 62 41.3 
CG00526 X 171 17 3.5 72 
CGO00526 X 176 iS 3.5 5.2 


N=number of plants characterized. 

*Damage ratings were determined as follows: 

i. No visible teaf injury. 

2. Evidence of fine “window pane” damage only on the unfurled feaf 
where larvac plus corn cob grits fell into the whorl, No pin hole pencira- 
uon of leaf, 

3. Evidence of fine “window pane’” damage on two unfurled leaves where 
ao plus com cob grits fell into the whorl. No pin hole penetration of 
eat. 

4.. Evidence of pin hole or shot hole feeding damage that penetrated the 
Icaf on two or more leaves that emerged from the whorl (any lesion 
<0.25” in fength). 

5. Elongated lesions and/or mid rib feeding evident on more than 3 Jeaves 
that emerged from the whorl. Lesion <1” in length. 

6. Several leaves with clongated lesions (0.75" to 1.5” in length) and/or 
no more than | leaf with broken mid rib 

7. Long lesions (> |”) common on about one-half of leaves and/or 2 of 3 
leaves with broken mid ribs. 

8. Long lesions {> 1} common on about two thirds of leaves and/or more 
thon 3 leaves with broken mid ribs. 
9. Most leaves with long lesions. Several leaves with broken mid ribs 
Possibly stunted plants due to ECBI feeding. 

Piants from event [71 contain the chimeric CaMV 35SicryfA{b) gene 
while plants from event 176 contain the chimeric PEPC/crylA{b} and 
pollen-specific/cry/A{b} genes. 
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FIGURE 2. Frequency distribution of damage ratings for (A) 
first generation ECB (visual ratings 1-9) and (8) second gener- 
ation ECB (tunnet length in cm), Event 171=CaMV 35S/ 
syn-crylA(b) and avent 176=PEPC/syn-crylA(b) and potlen/ 
symcrylA(b}. 


ing high levets of CryLA(b) protein had little or no tunneling 
damage. For example, the CG00554 X 176 family had an aver- 
age Of only 1.7 cm tunneling while the non-transgenic inbred 
had an average of 59 cm of tunneling damage. Typical differ- 
ences in outer stalk damage and internal tunneling can be seen in 
Figure 3, as can the dramatic difference between transgenic and 
non-transgenic plants at the end of the growing season. 
Laboratory assays were perfonmed to determine the level of 
mortality brought about by ECB feeding on the transgenic 
plants. Leaf samples from the transgenic field plants were 
assayed for ECB activity by placing neonate larvae on leaf pieces 
in small petri dishes. Monality was scored after 48 hours. All 
plants produced a high level of mortality within this Gime frame, 
with some at 100%. Typically, any larvac that were alive at 
48 hours died by 72 or 96 hours. Results from some of these 
assays are shown in Table 2, We found a good correlation 
between the level of mortality at 48 hours and the level of 
CrylA(b) detected by ELISA (below). Plants with 100% mortal- 
ity at 48 hours had the highest levels of CrylA(b) protein and 
also had the best overall performance ratings in the field. 
Expression of chimeric cryf[A(b) genes in maize. 
Transgenic plants with the best ECB damage ratings were ana- 
lyzed for CrylA(b) protein levels using ELISA. Leaves from 
the field plants were sampled seven weeks post-transplant. 
Transgenic plants containing two synthetic cry/A(b) genes 
driven by the PEPC and pollen specific maize promoters pro- 
duced over 1,000 ng CrylA(b)/mg soluble protein at week 
seven and were shown later in the season to exceed 4.000 ng 
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FIGURE 3. {A} View of non-transgenic (left) and transgenic 
(right) maize plants in the field at the end of the growing sea- 
son. The ECB Infestation pressure used to challenge these 
plants was high enough to cause complete loss of unprotected 
plants. (B) Split stalks from transgenic, upper, and non- 


CryIA(b)/mg soluble protein. CrylA(b) protetn levels in certain 
plants with the CaMV 35S promoter were as high al week seven 
as the levels in the PEPC and pollen promoter plants, but 
overall, these plants typically showed a much greater vanation in 
CryIA(b) levels both within 2 particular cross with a given 
genotype and also among the genotypes. The levels of CrylA(b) 
in the PEPC and pollen promoter lines were all approximately 
equal in different genotypes. Table 3 presents typical ELISA 
values from five lines of each chimeric cry/A(b) construct. 
Tissue specific expression patterns were evaluated by ELISA 
In several transgenic plants. Table 3 shows CryIA(b) protein 
concentrations in feaf, root, pith, pollen/anther, and kernels of 
selected plants. The CaMV 35S promoter is generally consid- 
ered to be a constitutive promoter and as shown in Table 3. these 








transgenic, lower, plants showing the extent of tunneling 
damage caused by ECB in non-transgenic plants. (C) Outside 
view of stalks from transgenic, upper, and non-transgenic, 
lower, plants. 


plants had high levels of CrylA(b) in leaf. pith. and root. This 
correlates well with patterns of CryLA(b) expression observed tn 
transgenic tobacco containing the same CaMV 355 promoter”. 
CrylA(b) was detected in the kere! but not in poilen/anther of 
the 35S plants In the pollen and PEPC promoter plants, leaf 
expression of CrylA(b) was high while the pith and root expres- 
sion levels were low. The green tissue surrounding the pith 
evidently contained sufficiently high levels of CryfA(b) to pro- 
vide excelent insecticidal activity against ECB. as judged by the 
inability of ECB to penctrate the stalks significantly While the 
level of CrylA(b) expressed in the pith of these plants was lower 
than that inthe leaves, the level of expression was high cnough to 
kill ECB. should any survive to penetrate the stalk. The high 
levels of CrylA(b) protein in pollen and low levels in kernel 
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produced by the combination of the PEPC and pollen promoters 
make this combination particularly attractive for producing a 
pattern of expression effective for controlling ECB while mini- 
mizing expression of CryLA(b) protein in seed and other tissues. 


Discussion 

Expression of a synthetic gene encoding a truncated version 
of the cryZA {(b}) insecticidal protein gene derived from Bacillus 
thuringiensis var. kurstaki HD-1 in elite single crosses of maize 
provides season long protection from repeated heavy infesta- 
tions of European com borer. Both first generation and second 
generation protection was obtained, even with an extremely 
heavy ECB infestation rate. Protection was obtained with 
plants hemizygous for the cryZA{b} gene; thus hybrid maize 
plants with only one transgenic parent can be protected. This 
is similar to the observation that heterozygous tobacco 
plants expressing a cry/A(b) gene were resistant to insects in 
a field situation'' *. Typical levels of CryLA(b) seen in plants 
containing the tissue specific chimeric genes were about 
1,500 ng CryLA(b)/mg soluble protein, with levels as high as 
4,000 ng/mg protein observed. The leaves in this test averaged 
about 8.5 mg total protein per gram fresh weight, so the 
plants were producing CrylA(b) protein at a "typical" level of 
12,750 ng per gram fresh weight. The LC,, for ECB neonates is 
20-30 ng/g diet. Adequate expression of CryLA(b) protein in 
pollen is important for control of second generation ECB larvae, 
for which pollen comprises a large portion of their diet during 
first and second instar. Transgenic plants containing the pollen 
and PEPC promoters expressing chimeric cry/A(b) genes pro- 
duce the insecticidal protein in those parts of the plant consumed 
by both first and second generation ECB while minimizing 
expression in seed and other parts of the plants. 

This is the first report of transformation of immature 
embryos from an elite maize inbred via microprojectile bom- 
bardment. Other reports of maize transformation have utilized 
Suspension cultures’? or callus cultures? of A188 X B73 
crosses. Routinely, an average of one transformation event is 
recovered per 100 immature embryos bombarded, or one event 
for every 2.5 shots. The transgenic plants in this study were 
chosen from 23 events generated in 11 consecutive experiments. 
For the #171 event, 249 immature embryos were bombarded; 44 
produced embryogenic callus on selection and the experiment 
yielded two transformation events. To obtain the #176 event, 251 
embryos were bombarded, 37-of which produced embryogenic 
callus on selection. Although one embryo could in theory give 
rise to more than one transformation event, only one event is 
maintained from an embryo. Introduction of chimeric genes 
directly into elite inbreds could represent a significant savings in 
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breeding lime required to produce a commercial hybrid. As 
improved insecticidal genes become available, they can be intro- 
duced rapidly into commercial hybrids. The protection afforded 
by expression of the synthetic cryZA(b} gene in maize is signifi- 
cantly above that found thus far using traditional breeding meth- 
ods. The ability to introduce improvements into elite inbreds, 
improvements which may not be within the genetic potential of 
the species, increases the alternatives available for management 
of pest problems and the rapidity with which they can become 
available. 

The work presented here marks the first field evaluation of 
commercially relevant transgenic hybrid maize plants. One of 
the crosses made and evaluated employed the genotypes used In 
a commercial hybnd. Further, the plants tested represent two 
strategies for expression of foreign genes in plants for insect 
control. One strategy uses an essentially constitutive promoter, 
the CaMV 35S promoter, while the other uses conspecific tissue 


TABLE 2. Percent mortality of ECB on leat pieces from field 
grown transgenic maize. 


Genotype Ne Mean? Range 
353 Lines 
CG00642 X 174A 5 96 (85-100) 
CG00SSH X I71-4A 5 91 (75-100) 
CG00526 X I71-4A 9 71 (70-100) 
CG00661 X 1714A 3 95 (50-100) 
CG00554 X 171-4B 6 71 {55~90) 
CG00689 X 171-13 7 75 (60-90 
CG00554 X 171-13 6 74 (55-100) 
CGO0S61 X 171-144 § 34 (85~100) 
CGO06B9 X I71-14A 5 84 (70-90 
CG00554 X T1-14A 4 81 (70-95) 
€G00716 X £71-14B 4 69 (50-80) 
CGOOGIS X i71-t5 2 50 (90 
CGO00554 X 171-15 3 75 (55-95) 
CG00S26 X 171-15 i 65 ( 
CG00716 X 17!-i6AB8 2 o} (80-100) 
CG00689 X 171-16AB 2 68 (65-70) 
CG00526 X 171-16AB 2 78 (70-85 
CG00661 X 171-16AB 5 99 {95~100) 
CGO0689 X 174-18 & 75 (65-90) 
CGW0554 X 171-18 3 72 (50-85) 
CG00526 X 174-18 1 95 (95} 
PEPC/Pollen Lines 

CG00689 X 176-11 5 56 (90-100) 
CGO00554 X 176-11 4 96 (85-100) 
CG00526 X 176-11 2 100 {100) 
CG0066! X 176-11 8 9 {95~ 100) 
CG00642 X 176-10 Pa 100 (100) 


*N = Number of plants assayed using 20 neonate larvae per plant 

"Mean mortality was scored at 48 hours. Control plants produce an ECB 
mortality of 0-20%. Plants from event 17} contain the chimeric CaMV 
35S/eryfA(b) gene while plants from event 176 contain the chimeric 
PEPC/ery/A (b} and pollen-specific/cryfA(b) genes. 


TABLE 3. Quantification of CrylA(b) protein levels in various tissues of maize. 


Genotype Lenf 
355 Lines 
CGO0554 X 171-18 
CGO05546 X 171-4A 
CGO0S54 X 174-13 
CGO00554 X 171-1 4A 
CG00615 X 171-1 6BB 


513 + 244 {n=4) 
1732 + 39 (n=2) 
767 + 842 (n=8) 
655 + 554 (n=7) 
283 + 227 (n=7) 


PEPC/Pollen Lines 
CG00661 X 176-10 1703 + 378 (n=9} 
CG00554 X 176-11 1288 + 583 {n=12) 
CG00642 X 176-10 1138 + 188 (n=4) 
CGO0689 X 176-41 1077 + 108 (n=14) 


176-1} X CG00526 i842 + 345 (n2)} 


Values ore ng CryiA(b)/mg soluble protein + standard deviation. 
Values for control plants analyzed by ELISA are 0 ng. 


Polien/ 

Root Mth Anther Kernel] 
596 288 NT 53 
NT NT NT NT 
1209 4361 0 274 
3348 2440 0 149 
74 TI 0 NT 
§2 60 260 i5 
54 hi3 418 16 
NT NT NT NT 
NT NT 340 NT 
47 53 NT 18 


Piants from event 171 contain the chimeric CaMV 35S/erp/A(b) gene while plants from event 176 contain the chimeric PEPC/lcryfA{b) and pollen- 


specificicryfA{b} genes. 
NT not tested 
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specific promoters. Both types of plant produce high levels of 
CrylA() insecticidal protein. The plants containing chimeric 


insecticidal genes expressed using tissue specific promoters pro- 


duce a consistently higher level of the Cry[A(b) protein, but one 
must be mindful that these are only single transformation events 
leading to each of the different lines. Further events are under 
analysis to see how broadly these findings can be applied. 
Nonetheless, it is clear that expression of a high level of insecti- 
cidal proteins derived from Bacillus thuringiensis can protect 
maize plants from insect attack in a field environment. 
Transgenic plants expressing insecticidal genes present a 
new tool for use in an integrated pest management strategy. 
Transgenic plants deliver the 6-endotoxins in a manner quite 
different from that of Bacillus thuringiensis microbial sprays. 
The larvae are exposed to the insecticidal protein in a more 
uniform manner on a constant basis and from the earliest possi- 
ble time. The neonate larvae are the most susceptible stage and 
are exposed as soon as they begin to feed on the plant. They do 
not have an opportunity to avoid ingesting the insecticidal pro- 
tein. As with any other insect control mechanism, development 
of resistance to the expressed insecticidal proteins might be a 
possibility. There are various strategies for preventing, or at 
least delaying, the onset of such resistance. As is true for any 
other insect control method, use of transgenic plants should 
represent only part of the total insect control practice. As agri- 
cultural biotechnology continues to mature, new strategies for 
insect control will become available. These will undoubtedly 
entail different mechanisms for insect control than are presented 
by the Bacillus thuringiensis 5-endotoxins. Use of a vanety of 
such genes, either in a linear progression, on a revolving basis, 
or in various combinations. should combat the development of 
resistance to any single mechanism or gene product. 


Experimental Protocol 
ransformation vectors. Vectors used to transform maize are all 
derivatives of pUC18 or pUCI9-. pCIB44i8 contains a synthetic gene 
encoding the amino terminal 648 amino acids of CrylA(b) from Bacillus 
thuringiensis var. kurstak} HD-1"*, fused with the CaMV 35S promoter™. 
The sequence of this synthetic gene is available upon request from the 
corresponding author, pCIB4431 contains two chimeric cryfA(b} genes. 
The first is under control of the maize PEPC promoter"? and the second is 
under control of a pollen specific promoter derived from maize (cloning 
and characterization to be described elsewhere). pCIBIO64 contains a 
plant expressible bar gene’ driven by the CaMV 35S promoter to provide 
resistance to phosphinethricin. pCIB3007 contains a GUS gene under 
contro! of the CaMV 35S promoter with a 144 NT leader derived from the 
CaMV 35S transcript (A. Montoya, unpublished data). A copy of the 
maize Adh} intron #1 has beeh inserted into the 3° eader of this gene. 
Transformation and embryo rescue of progeny. Immature embryos 
(1.5 to 2.5 mm in length) of Ciba maize inbred CO00526, developed from 
a Lancaster-type population, were aseptically excised 14-15 days after 
pollination from surface-sterilized, greenhouse-grown ears and plated 
scuteflum up on callus initiation medium, ZDG4 + 5 mg/l chloramben. 
2DG4 medium is Duncan's "D™ medium modified to contain 20 mg/l 
glucose. Plasmid DNA was precipitated onto | am gold microcarrer as 
described in the DuPont Biolistic manual. For event 176, 6.15 yg of 
pCIB4431 and 1.80 ug of pCIB3064 were used per 50 pl of microcarrier, 
For event 171, 2.72 wg of pCIB-HI8, 1.8 zg of pCIB3064, and 2.72 yg of 
pCIB3007 were used per 50 yl of microcarvice. Thirty-sia embryos per 
plate were bombarded using the PDS-1000He Biolistic device. Tissue was 
placed on the shelf 8 cm below the stopping screen shelf snd a 10% 10 pm 
stainless stee! screen was used with rupture discs of 1550 psi value. After 
bombardment, embryos were cultured in the dark at 25°C for one day, 
then transferred to callus initiation medium containing 3 mg/l PPT and 
incubated in the dark at 25°C. Resultant erbryogenic tissue was trans- 
ferred to callus maintenance medium, 2DG4 + 0.5 mg/l (2,4-dichto- 
rophenoxy)acetic acid (2,4-D) containing 3 mg/! PPT and subcultured 
every 2 weeks. Twelve weeks later, tissue was cultured ai 25°C on a 
modified Murashige and Skoog medium (MS)** containing 3% sucrose, 
0.25 mg/t 2,4-D and 5 mg/t benzylaminopurine with 16 hours of light 
(50 wE/m-2/s-1} per day to initiate regeneration, Two weeks later the 
tissue was transferred to MS medium containing 3% sucrose. Afier 4 to 10 
weeks, regenerated plants were cultured on MS medium modified to 
contain halfihe concentration of salts and 3% sucrose. Transformed plants 
were identified using the chiorophenol red (CR) assay to test for resistance 
to PPT?" the histochemical GUS assay where appropriate™ and PCR for 
sequences in the 35S promoter and the synthetic crv/A(b) gene. Positive 
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plants were moved to the greenhouse for additional testing and crossing 
with various inbreds. Event I71 produced a total of 33 transgenic plants 
and event 176 produced a tow! of 38 transgenic plants. To minimize the 
lime required to obtain T1 plants for field testing, we germinated irmma- 
ture embryos.. Fourteen to sixteen days after pollination, the car tip {25-50 
kernels} was removed. The excised car piece was surface-sterilized and 
individual embryos removed and piated on BS medium® containing 2% 
sucrose, The method is described in detail by Weymann et al. ». 

Insect bionssays. When plants in the field reached about 40 cm of 
extended leaf height, infestation with laboratory-reared ECB larvae was 
begun on bath the transgenic plants and non-transgenic controls. About 
300 neonate larvae mixed with corn cob grits were introduced into the 
whorl of each plant using a Davis inoculator?". Infestations continued on a 
weekly basis for four weeks to simulate first generation com borer 
(ECS 1). Starting two weeks after the initial infestation, cach plant was 
rated weekly for four weeks using 2 modification of the | to 9 scale 
described by Guthrie®; we reserved a rating of | for plants with no 
damage whatsoever, See legend to Table | for details. A mean ECBI 
damage rating score was calculated for each transgenic plant and non- 
transgenic control plant. As cach plant reached anthesis, 300 larvac/plant 
were applied weekly for four weeks to simulate second generation infesta- 
tion (ECB?) One hundred neonate larvae in com cob grits were intro- 
duced into the leaf axil at the primary ear and at the teaf axil one node 
above and below the primary ear node. About 50 days after the initial 
ECB2 simulated infestation, selected stalks from cach of the two events in 
all lines a5 well a5 non-transgenic contro! plants were harvested. The 
extent of internal ECB tunneling damage in a 92 cm section of stalk 46 cm 
above and below the primary ear node was measured on a subset of 
transgenic and control plants. European com borer assays using pieces of 
leaf froma field plants were carried out in the laboratory. One to four 4 cm 
sections were cut from an extended feaf and placed on a moistened filter 
disc ina 50 X 9 mm petri dish. Five neonate European corn borer larvae 
were placed on each leaf piece and the petri dishes were incubated at 
29.5°C. Leaf feeding damage and larval moniality data were scored after 
48 hours. 

CrylA(b) protein quantification, Detection and quantitative deter- 
mination of the amount of CrylA(b) protein expressed in transgenic plants 
was monitored using enzyme-linked immunoasorbant assays (ELISA). 
Immunoaffinity purified polyclonal rabbit and goat antibodies specific for 
the insecticidal crystal proteins from Baciflus thuringiensis subsp. kur- 
staki HD-1 were used to determine ng CryLA(b) per mg soluble protein 
from crude extracts of leaf samples. The sensitivity of the double sand- 
wich ELISA is 1-5 ng CryLA(b) per mg soluble protein using 50 pg of total 
protein per ELISA microtiter dish well. Corn tissue extracts were pre- 
hn by grinding leaf tissue in pauze lined plastic bags using a hand held 

all-bearing homogenizer (AGDIA. Elkart, IN.) ia the presence of extrac- 
tion bulfer (50 mM Na,CO, pH 9.5, 100 mM NaCt, 0.05% Triton, 0.05% 
Tween. 1 mM phenylmethylsulfonyl Ruoride and | 2M leupeptin). Pro- 
icin determination was performed using the Bio-Rad (Richmond. CA) 
protein assay. 

Statistical analysis. Analyses of variance were performed to compare 
the two events and to compare them with the controf plants for the average 
foliar [ceding damage ratings and for cm internal tunneling damage in the 
92 cm stalk section using the general linear models (GLM) procedure in 
SAS* with the associated least significant differences (LSD) function. 
Similarly, the events and controts were compared to cach other within all 
families. 

Southern blot analysis. Genomic DNA was isolated from maize 
plants and processed for Southern blot analysis using standard proce- 
dures}. A pel purified fragment containing only the synthetic cryfA (b) 
gene was used to generate a random-primed 22P probe. Southern blots 
were prepared and hybridized using standard procedures and washed at 
65°C in 0.3 X SSC 
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